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1 
The present invention relates t¤ the dehydro- 
genation of hydrocarbons, and particularly t¤ 
catalysts therefor. This is a continuation-in- 
part of copending application S. N. 431,.74, filed 
on February 17, 194., now U. S. Patent No. 
2,40.,740. 
Catalysts which bave been known t¤ benefit 
the dehydrogenation of ethyl benzene te styrene, 
for example, inc!ude many of the diflicultly re- 
ducible oxides such as those of calcium, lithium, 10 
strontium, manesium and beryllium. Also, the 
easity reducible metal oxides or compounds ad- 
mixed with diflicultly reducible metal oxides bave 
been employed. However, the catalytic lire of 
some of these catalysts is relatively short, ap- 
parently due t¤ reduction of the oxide t¤ the 
free metal, which appears t¤ exert a harmful ef- 
fect on such catalysts, in causing excessive crack- 
ing of the feed stock. The process, therefore, re- 
quires frequent regeneration of the catalyst. 20 
Atso, the products produced when employing such 
catatysts are frequently contaminated with prod- 
ucts of deleterious side reactions, which prod- 
ucts are diflicultty removable from the styrene. 
Simi!ar difficulties are encountered in other de- 
hydrogenation reactions, such as the dehydro- 
genation of non-af¤mati° hydrocarbons t¤ ¤le- 
fins or diolefins, or the conversion of non-af¤- 
mati° type hydrocarbons t¤ aromatic hydrocar- 
bons by dehydrogenation with or without cycliza- 30 
tion. 
If is an object of our invention t¤ supply for 
the ab¤ve reactions catalysts which are easily 
prepared, have unusual ctivity, have long lire, 
and require retatively infrequent regeneratîon. 35 
Another object is t¤ employ these catalysts in 
the ab¤ve reactions. 
Other objects of the invention will be appar- 
ent t¤ rb¤se skilled in the art from the fol!ow- 
ing description: 40 
We bave discovered that certain catalysts con- 
taining carbon and certain metals, such as nickel, 
the oxides of which are easily reducible, hot 
oniy increase the reaction rate t¤ a large extent 
in deh.vdrogenation reactions such as converting 
ethylbenzene t¤ styrene, but maintain their cata- 
]ytic activ_ty at a high !evel Tor a considerab]Y 
longer rime than in the case of the heretofore 
l-.nown catlysts. For example, we bave found 
that a catalyst composed of a re!atively inert 50 
support containing from 1% or less, up t¤ about 
20% of metllic nickel together wîth carbon 
minor proporons is particularly effective for 
hydrogenating ethylbenzene t¤ produce a rela- 
tively high yie!d of styrene which may be recov- 
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ered from the products in substantially, pure 
form. This result is largely unexpected in Vtew 
of the prior knowledge that nickel on such sUp 
ports as alumina results in the decomposition of 
the ethylbenzene into toluene and methane. 
The carbon-containing catalyst forming the 
subject marrer of our invention may be used as 
such or may be employed on a porous relatively 
inactive support such as broken brick, trie° car- 
bon, alumina gel, sitica gel, clays, zeolites, .and 
the like. In generat, when employlng a support 
for the catalyst, the support is imprenated with 
the metallic salt, dried, and the salt is decom 
posed with heat t¤ the oxide. Carbon is then. de- 
posited on the impregnated support by decom- 
posing a hydrocarbon gas at elevated tempera- 
tures in the presence of the support containing 
the oxide and allowing the carbon produced by 
the al¤composition t¤ deposit on the support. The 
metal oxide is then reduced t¤ the metal by con- 
tacting it with hydrogen at temperatures ab¤ve 
about 300 ° C. (about 500 ° F.). The reducti0n of 
the metal oxide t¤ the metal may also precede 
the carbon al¤position, tho the former method 
preferred. 
The dehydrogenation processes of this inven- 
tion in which the ab¤ve catalysts are employed 
in general involve subjecting the vapors .Of the 
feed stock t¤ temperatures between about 300 ° 
and 800 ° C. in the presence of the ab¤ve cata- 
lysts, and ai relatively low pressures such as-be 
low about 15 atmospheres and .preferably thougl 
hot necessarily, in the presence of .added hydro- 
gen. Steam or other inert diluent gas-m«y also 
be employed. 
The dehydrogenati¢m of a!kylated aromt_ie 
hydrocarbons t¤ .form styrene and like c0m- 
pounds is genCa1Ây carried out by plcing £he 
cata!yst in a suitab!e reaction chamber and -pass- 
ing the vapors of the hydroca-rbon to be dehy- 
drogenated t¤gether with stem through the 
action chamber maintained at elevated tempera- 
tures of about 400 ° t¤ .800 ° C. (CÙut 800 ° F. t¤ 
1600 ° F.), preferably about '500 ° t¤ ç00 ° C. (about 
900 ° F. t¤ 300 ° F.) and pressures of as low as 
mil]imeters a-bsolute t¤ rive atmospheres. 
The products le,ring the reaction chamber wlll 
eneratly ,consist of the st..vrene or analogue .or 
homologue thereof, depending upon the charg- 
ing stock, tegether ith unreacted hydrocarbons, 
ater and hydrogen. By cooling and condensing 
the voducts leaing the reaction chamber, -the 
condensable liquids may be separated from the 
hydrogen and-the .former may be selaraed. 
trst}flcation and .decnaton into an ofly ler 
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and water. The dehydrogenated desired prod- 
uct may be removed from the unreacted or un- 
converted hydrocarbon in a well known manner 
such as by distillation and/or cooling of the 
styrene to crystallize if and then filtering off 5 
the crystallized styrene. 
The dehydrogenation of non-aromatic hydro- 
carbons to form olefins or diolefins may be car- 
ried out at temperatures which are somewhat 
lower than the temperatures used for the pro- 10 
duction of styrene and like hydrocarbons de- 
scribed above. Thus, for the dehydrogenation of 
butane to butene, or butene to butadiene, or eth- 
ylene to acetylene, or ethylene to butadiene, or 
cyclohexane to cyclohexene, and similar reac- 15 
tions, temperatures preferably between about 
300 ° and 500 ° C. are employed, together with 
relatively low pressures and steam or other inert 
diluent as above. 
The dehydrogenation of non-aromatic hydro- 20 
carbons to form aromatic hydrocarbons is the 
main reaction involved in the process known 
commercially as hydroforming, or catalytic re- 
forming in the presence of hydrogen. In this .. 
process, the vapors of the feed stock are subjected 25 
to elevated temperatures preferably in the re- 
gion of about 400 ° fo 600 ° C. in the presence of 
hydrogen. Besides simple dehydrogenation of 
naphthenes such as cyclohexane fo aromatics 
such as benzene, other reactions take place such 30 
as cyclization and isomerization, but there is an 
overall dehydrogenation, with production of 
drogen. The catalysts of this invention are es- 
pecially suitable for t¢his process. 
The invention may perhaps be best understood 
bY. reference to the following examples, which 
ar_e merely illustrative of the invention and are 
not fo be taken as limiting the invention. 
Example 1 
40 
A carbon-nickel catalyst was prepared as fol- 
lows: 
Commercial diatomaceous earth of 12-20 mesh 
Was impregnated with a nickelous nitrate solu- 
tion, dried at 400 ° F. (about 200 ° C.) and heated 45 
at 900 ° F. (about 500 ° C.) to produce a mixture 
of diatomaceous edrth containing 18% by weight 
of nickel as nickel oxide. This mixture was 
t¢hen placed in the reaction tube and etylene 
gas was passed through the catalyst bed ai about 5O 
900 ° F. (500 ° C.) which resulted in decomposing 
the ethylene to carbon which was deposited on 
the catalyst in a very finely divided and soot- 
.like state. The hydrogen produced by the de- 
composition was removed from the reaction 55 
chamber and then additional hydrogen af 900 ° F. 
(500 ° C.) was passed t¢hrough the catalyst bed 
fo completely reduce the nickel oxide fo metallic 
nickel. The catalyst bed was t¢hus composed of 
about 150 ml. of a mixture consisting of approx- 6O 
imately 18% nickel, 5% carbon and the re- 
mainder diatomaceous earth. 
Approximately 26 ml. of ethylbenzene and 29 
grains of steam ai 600 ° F. (315 ° C.) were passed 
throughthe reactor which was maintained at 65 
about 1200 ° . (650 ° C.) This required about 
109 minutes. The ofly product leaving the re- 
actor was collected and was round to contain 
approximately 56% by weight of styrene. 
ExampIe 2 70 
Broken pieces of porous tire brick of about one 
inch at their largest diameter Were impregnated 
wlth an aqueous solution of nickelous nitrate. 
The material wa then placed in a reactor tube 75 
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where they are dried af 400 ° F. (200 ° C.) and 
then heated at 900 ° F. (500 ° C.) to produce 
masses of broken brick containing about 8% by 
weight of nickel as nickel oxide. The uncon- 
densed Cracking still gases obtained ïrom the 
cracking of gas off and consisting essentially of 
methane, ethane, ethylene, propane and propyl- 
ene were passed through the reactor which was 
maintained at about 1300 ° F. (oE00 ° C.). This 
resulted in decomposing some of the gases to 
deposit a finely divided carbon on the porous 
brick and nickel oxide. Hydrogen was then 
passed through the reactor at about 1300 ° F. 
(/00 ° C.) which resulted in completely reducing 
the nickel oxide to metallic nickel. The catalyst 
bed was thus composed of the broken brick 
containing about 8% by weight of metallic nickel 
and about 9% of the carbon. 
Vaporized ethylbenzene and steam were passed 
through the reactor containing the above cat- 
alyst and the products of reaction were sep- 
arated and collected as in the previous example. 
The oily layer was round to contain approxi- 
mately 85% styrene. 
Example 3 
About /00 ml. (320 g.) of 10 to 30 mesh com- 
mercial hydrated silica was immersed in 1114 g. 
of nickel nitrate solution containing 12.9% 
nickel by weight at room temperature for about 
one hour, whereby a portion of the aqueous sol- 
ution was adsorbed thereon. The remaining 
solution was decanted from the solid granules, 
and the latter were dried for about sixteen hours 
at about 115 ° C., and further heated for about 
six hours at about 425 ° C., to produce a product 
consisting of nickel oxide impregnated on silica, 
t¢he amount being about 12% by weight calcu- 
lated as nickel. 
Two portions of the above product were taken 
for further work. One portion was subjected fo 
reduction only as described below, and the ot¢her 
was subjected to reduction followed by carbon 
deposition. The reduction was accomplished by 
heating the material to a temperature of about 
630 ° C., and passing hydrogen gas over it at a 
rate of about 300 volumes (calculated at stand- 
ard conditions) per volume of catalyst per hour 
for about three-fourkhs hour. The carbon dep- 
osition was accomplished by maintaining the 
so-treated material at the saine temperature and 
atmospheric pressure while passing ethylene gas 
over if ata rate of about 300 to 900 volumes per 
volume of catalyst per hour for about one hour. 
The finished catalyst prepared as above, 
which was found to consist of about 11.5% of 
nickel and 5% carbon on the silica support, was 
employed in a catalytic reforming operation in 
the presence of hydrogen, carried out as fol- 
lows: 
About 75 ml. of catalyst was maintalned in a 
reaction tube at a temperature of about 510 ° C. 
and a pressure of about 7 atmospheres, while 
about 40 liters per hour of hydrogen gas (cor- 
rected fo standard conditions, i. e. one atmos- 
phere pressure and 0 ° C. temperature) and about 
75 ml:/ hour of hydrocarbon feed (measured as 
liquid at room temperature) were passed over 
it. Thus the feed rate was one V/V (volumes 
of liquid feed per volume of catalyst per hour) 
and the hydrogen ratio was about 3 MCF/B 
(thousands of cubic feet of barrel of liquid ïeed). 
The feed employed was a straight-run fraction 
obtained from a Texas crude oil, and had a boil- 
ing range of about 220 ° F. to 260 ° F. and an 
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aomt¢- hydrocarhorï, conten: o = about ,. 1%. 
weight. The-Prduct obted d-thc  flst 
four h c Çpeation der the aboe, con 
tionsï. had  creaed romc 
content, the yie]oE of. ts: prouc;hein abu 
74% of. the- feed (b eight);. TO; how the 
effec., of the :carbon.n- the acllty, 
alst, the-bve r.w epet.ed ing-the 
portion f-. the  .nicke[r«xid¢  impregnated sflica 
¢h ws ho.t:, subje.t:: to OErbn deposition 
but merel- t: tlon:: wh.hydr.ogen, as: de- 
sc.ibed above. In this case. the aromtic - hy- 
docarbon content of the product was only 14%, 
d: the:-yield, of the product- w- ly 67  by 
eight- of the feed. 
Exampl 4 
ïcommercial granular activated alumina-.was 
egnuted with cobalt, nitrate, solution and 
dried in- a-simila  nner to that ed= in. 
ample, 3 abovè, e oduet was treated ith 
crcking: stlll- gases as i  Exple 2 so  as fo 
des,sit cbon thereon, d reduce with 
gen  obtain a catalyst containing: abon-t. 10% 
cobalt,. 1. catin and the remainder alumina, 
This. ca-lys ws. emloyed or catalytic 
ing in. the presence of drogen as: in mle- 3 
abo:e, and a. 50% eld of a product .conting 
40% aromatic, hydocarbons was obtained. 
Example 5- 
A commercial granular bauxite was impreg 
nated with latinic chloride solution, dried: heat- 
ed  an air oen tofem he oxide, subjeced: to 
carbon deesition. ith ethyle at. 70  C.,. nd 
finay reduced ith hydrogen:  ob£an a catiyst 
containg about.0.0  and about 0.1 car- 
"n- en- the bauxite- caïrie. This catlys was 
used t dehydrogenate butene fo. bntadiene-by 
passg two lites er hour of.mixed, bu£ene and 
4. liters pe, heur of.. steam over 5. ml, of catalyst 
a a-temerate  00 C. an atmsheric 
psre, An excel!ent eld e butadiene 
obtained 
.another somehat imila tye . reacon, 
the: aoe. catalyst and ocess were. employed 
ith an elene £eed ck, und substantial 
yields  acetylene and butadene e:e obained 
 noted rev.ious!-y. the above ex!es are 
merely urative and hot liting: Thus while 
in:.the, foegoing Examples. 1. and. 2, e bave dis- 
closed.the conyersion  ethylbenzene to styrene, 
it will be obseyed that b: siar-procedue 
other aylated, aromatc hrocarb such- 
ehylbenzene, isoroylbenzene, di-isoproyl- 
benzene,, ethyltoluene, p-cymene, ethylch!ï- 
benzene, the corresondng naphhalene deriw.- 
tives, etc. may be converted or dedrogenated 
t« prodnce corsonding hmlogues and 
a[gues, o£ stene. 
Silal, Examples 3:and 4, we bave disclosed 
der specc conditions. Hoever, t.he cata!sts 
of  invntionarealso_ extremely me£ul ïo: the 
hdogenafin o£ ohe non-aromatic hydr- 
cabons especiall nomally lîqid etroleum 
ff.actions,, anoE artiCularly those boing n any 
range between, about 5ï C. and. 250  :, so as 
ta increase their aromatic hyroc'bon conen. 
. this. process temeratures between, about 300  
and. 80/ C. are ed,. rererably about 40  
 60  C:;.together withresesbete_e abot 
0,1.,and 15 atmosheres, çre£erably about. 2 fo. 10 
atmosheres, dr.ogen: nee no.t. ncessailç be 
used, bupreferably is used, eseciatiy 

6 
titres: auch as abo.u- :, to.10 MCF/B,.. Eeed: tes. 
bew.een=about 0land:lV/V: 
toE prode:scie:te: of:contacto ccomph 
the dsireoE dehydrogenstion-. 
 In the. dehydroge.Gon of-nonom£ic: 
drocarbons to form oles or:.otefln,_ usin:the 
catasts: of this:invention, oher condi£ions.thn 
those- shown.  ample  5 m: beç emped 
with the catys of:this:iven£iom  generl 
lo temerstes:- beeen aboute- 3G0 
may be. used; p£erably- abou£ 
together¢ with. total res: below: 5. atmsr 
pheres, preferabl abou atmospheric: oz bIow 
P.tial- pzess.ures, o . hwgrob.on feedç beeen 
15 bot.0t. and= 1= aesphere: are 
diluent gus . ed to suply any ffence 
tw.een- the:. Raztiat« pressure a.nd» the 
s.e is preferabl-: seam;.but: o.ther: r ges 
such as nitrogen or. flue gas; my 
20 feed ate is: adjusted: to proide- t.: de,, of 
hydrogenation desired. In thls mater the 
n-ormay gaseous, hydrocbons.. ontaining. 2 to 
4.carbo atoms.such as: e£-hane: ethy!ene 
propylene, butanes, bunes,, and- mtures.of 
25 these, or normally.:liquid hydrocarbo, whether 
acyclic such as alenes, hexanes, heptenes ocr 
tanes; ocnes, cetne and the  like,: o cytic 
such- as- cyclohexe cyclopentane,, cclehexen» 
dethyl cyclopentane, ethyl cclohexane and 
S0 thake,:ma«be dehdrogenated. 
 noted. above, the pzefezed ca£ats othis 
vention r6 those: hich: contain mor. 
portions, of. carbon and a fre metS: on :pòous 
zelatively, inezt supzt, and. ara- pep/by 
35 impregnating the support wi£h 
lution o. a sait of the: desed metal, yin.and 
decomposing the adsorbed salt.to form the:.:oxide, 
and .follong this: by th stepa 
osition, and» duction. o- the « oxide, toc the :mel 
40 with -hyogen, these- steps., being-., czied: OutAn 
either, order. e metalS«used: in. these catls 
are preferably the Gronp=8. meals, which,include 
the iron. group,, iron; cobalt, and. nickel ande 
noble mets ruthenium, rhodiç 
45 osum, irium, and platinum The: GrouR lB 
me]s may also.be employed, i. e,,. copper, le 
and. gold .... 
It bas alsoç been found that the steps: of., car.- 
bon deposition and r.educGon with: hdrogen are 
50 beneflcial when apped..to simila, caals, con- 
ng o£her cataltic_me£als or.even odes 
the:.metals of GrouRs.2B, 3B, ,:5B,. 6B.. 
of the- Mendeleeff periodic table. If. the. Bohr 
perioc table is used, particularly the moflca, 
55 tion refezred to. by Lutiez in. "An. Improed 
petiote Table" published in the Journal of 
Chemical, Education.oL L6,. p. 393 and SY4:.(.Aur 
g.ns£.1939) it wfllbeobserMed thatthese,togeth. 
with the onp lB and.Gronp 8. metals.pzeiol 
60 referred, to, cottute the four "raition 
series7 of "TheRela£ed. Meta" which hve.their 
differentiatg .electzon, not.in¢.the, o, uter - she,, as 
with sodium,.magnesium, and the .like 
sentati'2 Elements," but in the second from.e 
65 outermost shelL The members of. each:series 
geneTally ffer by one amic nber. Thus. the 
members o£ thest ransiGona[.sees are those 
having atomic, nb.ers 21-. to S0:i.. e.,. 
Cr, ,. Ee, CO, Ni,. Cu andZn; the members:of 
70 the second transitional series are those having 
ac nbers 39-to 48, i. e., Yt; Zr, Ch, Mo, 
u Rh, Pd.Ag, and Cd; those.of the 
tional series-hae am[cnbers 580 
Hf, Ta, W,.Re, Os; If, , Aud H;::and. tsa 
-5 of the:four:tra.tion:gronp:wc.kn/ 
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have atomIc numbers 89 to 92, and include Ac, 
Th, Ux and U. Thus catalysts of this invention 
may be Prepared by impregnating a porous rela- 
tively inert carrier or support with an aqueous 
solution, of a salt of a metal of the first, second, 5 
third or fourth transitional groups (preferably 
the first and second), drying and decomposing 
the adsorbed salt to form the oxide, and fÇllow- 
ing this by the steps of carbon deposition and 
reduction with hydrogen, the latter steps being 10 
carried out in either order but preferably having 
the reduction follow the carbon deposition. 
The amount of metal to be included in the 
catalyst may be regulated by adjnsting the con- 
centration of the salt solution, the amount used, 
the rime, and the degree of adsorption permitted 
in the impregnation step. This should be con- 
trolled so that the finished catalyst will contain 
oniy a minor proportion of the metal (whether in 
its free state or in the form of an oxide usually 20 
less than 20% of the metal being sufficient. It has 
been round that in some instances very small 
amounts of metal may be employed such as one- 
thousandth to one-tenth of one per cent based 
on the finished catalyst, as illustrated in Example 25 
5 above. 
The amount of carbon in the finished catalyst 
may be controlled by control of the temperature 
of the carbon deposition reaction, the pressure, 
and the amount of hydrocarbon decomposed in 3O 
the carbon deposition reaction. Only minor pro- 
portions of carbon in the flnished catalyst are 
necessary, generally less than 10% and in many 
instances mere traces of carbon such as about one 
hundredth to one tenth of one per cent and up : 
to one per cent are effective. For the carbon 
deposition step temperatures in excess of about 
400 ° C. are necessary, with pressures about atmos- 
pheric or higher, allowing suflicient rime of con- 
tact to decompose a major proportion of the 
hydrocarbon employed.. The hydrocarbon em- 
ployed for the carbon deposition reaction is pref- 
erably a gaseous olefin, ethylene being especially 
suitable although propylene and even butenes 
may be employed as well as saturated hydrocar- 
bons having less than about rive carbon atoms, 
and mixtures thereof. Jnst why this type of car- 
bon deposition is so beneflcial for purposes of 
these catalysts is hot known. 
The reduction with hydrogen should be carried 50 
out at a temperature greater than about 300 ° 
and preferably between about 500 C. and.800 ° C., 
for a suflïcient rime to accomplish the reduction 
destred. 
It has also been round that the beneflcial effect 55 
of carbon is evïdenced, to a somewhat lesser de- 
gree however, if carbon itself is employed as the 
carrier, and the aqueous solution of the metal 
salt is impregnated thereon and the resulting 
solid is dried, heated to decompose the adsorbed 60 
salt to its oxide and reduced with hydrogen as 
above. Carbons which may be used in this man- 
ner include wood, vegetable, and nut shell char- 
coals, carbons obtained from the decomposition 
of petroleum hydrocarbons such as petroleum 
coke, asphalt, lamp black, etc. As an example of 
such a catalyst and its use, a commercial nutshell 
carbon and havïng a 20-40 mesh was impregnated 
with a water solution of nickelous nitrate 
(Ni(NO3) 2 . 6H20) 70 
and then dried at a temperature of 400 ° F. fol- 
lowed by heating in a current of hydrogen . 
1200 ° 1 . This resulted in flrst deçomposing the 
nickelous nitrate to nickel .oxide and then re- 
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ducing the oxide to metallic nickel. Th6 resulting 
catalyst was composed of the charcoal contain- 
ing about I% by weight of metallic nickel. In 
the above preparation of the catalyst, it bas been 
round convenient to dissolve the requisite amount 
of the nickel salt in such a volume of water that 
the entire solution is adsorbed by the carbon-con- 
taining material. In place of the rdckelous ni 
trate, other nickel salts may be employed such as 
the carbonates and other salts which are decom- 
posable to the metal oxide upon heating. 
Approximately 150 ml. of the thus prepared 
catalys was placed in a reaction tube. Ethyl- 
benzene was vaporized and preheated to about 
50 ° F. and about 22 ml. of the ethylbenzene 
vapors and 105 grains of steam at 500 ° F. were 
passed in a steady flow through the reaction 
maintained at about 1200 ° F, This required 
about 60 minutes to pass the mixture of ethyl- 
benzene and steam through the reaction zone. 
The mixture consisting of styrene, unreacted 
ethylbenzene, water and hydrogen leavtng the 
reactor was condensed by passing the vapors 
through a suitable condenser which condensed 
the styrene, ethylbenzene and water leaving a 
gaseous mixture consisting essentially of hydro- 
gen which was allowed to escape to the atmos- 
phere. The condensate was allowed to stratify 
into an upper ofly layer and a lower aqueous 
layer vhich were separated from each other by 
decantation. The oily layer was analyzed and 
was found to contain approxLmately 40% by 
weight of styrene. 
Using the saine catalyst and conditions as in 
the above example, but employing a feed con- 
sisting of 20% ethylbenzene and 80% mixed 
xylenes the process gave a reaction product in 
which 68% of the ethylbenzene was dehydro- 
genated to styrene. 
Another form of dehych'ogenation process to 
which the present catalysts, are applicable is the 
dehydrogenation of alcohols to form aldehydes or 
ketones. Thus isopropyl alcohol may be dehy- 
drogenated to form acètone; secondary butyl al- 
cohol may be dehydrogenated to methyl ethyl 
ketone; primary butyl alcohol may be dehydro- 
genated to fore butyraldehyde; and the like. 
The conditions of operation required for such 
conversion are approxima.tely the saine as those 
required for the other dehydrogenation reactions 
described above. For the purposes of this in- 
vention, this process may be included in the 
terre dehydrogenation of hydrocarbons. 
Other modifications of this invention which 
would be obvious to one skilled in the art are to 
be considered within the scope of the invention 
as deflned in the following claires. 
We claire: 
1. A catalyst for the dehydrogenation of hy- 
drocarbons which consists essentially of a major. 
proportion of a porous inactive supporting mate- 
rial and minor proportions of carbon and a free 
Group. VIII metal, said catalyst having been 
prepared by a process comprising impregnating 
on said supporting material an aqueous solution 
of a sait of said metal, heating the impregnated 
supporting material to convert the adsorbed salt 
fo the oxide and foHowing this by the steps of 
carbon deposition by decomposition of ethylene 
thereon prior to use, and reduction to .the free 
metal with hydrogen at an elevated temperature, 
said carbon deposition having been carried out .at 
a temperature in excess of 400 ° C. for a suflIcient 
rime to decompose a ma.j0r proportion of the 
ethylene 
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2. A catalyst according to claire 1 in which 
the metal is nickel. 
3. A catalyst according to claire 1 in vhich 
the metal is cobalt. 
4. A catatyst according to claire 1 in which 5 
the metal is platinum. 
5. A catalyst according to claim 1 in which 
the metal comprises 0.001 to 0.1% of the catalyst, 
and the carbon comprises 0.01 to 0.1% of the 
catalyst. o 
6. A catalyst according to claim 1 in which 
the metal salt is nickel nitrate. 
7. A catalyst according to claire 1 in which 
the supporting material is essentially silica. 
THOMAS 1 . DOUANI. 5 
ROLAND P. DEEPING. 
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